TITLE OF THE INVENTION 

Optical Pickup, and Optical Disc Drive 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical disc drive, and more particularly 
to an optical disc drive adapted to write data to, and/or read data from, any of 
optical discs different in format from each other, such as compact disc (CD), digital 
video disc or digital versatile disc (DVD), etc. According to the present invention, 
a plurality of light sources is disposed apart from each other radially of such an 
optical disc and a laser light is emitted from one of the light sources selected 
according to an optical disc loaded in the optical disc drive towards the optical disc 
and focused through a common optical system for the different types of optical 
discs. Thus, a single optical pickup can be used in common with such a plurality of 
optical discs without any deterioration of the optical property. 

2. Description of the Related Art 

The conventional optical disc drive or CD player is adapted to irradiate a 
laser beam from an optical pickup onto an information recording surface of a CD 
and process a detection result of a return light from the CD surface to read or 
reproduce a variety of data recorded in the CD. 

The conventional optical pickups include a type having a light source and 
photodetector disposed separately therein, and a type using an optical integrated 
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device consisting integrally of a light source and photodetector. The United States 
Patent Nos. 4,873,429 and 4,733,067 disclose examples of the construction of the 
optical pickups of the latter type. This type of optical pickup can be designed more 
compact and have a higher reliability; 

It is considered that using such an optical integrated device to build the 
optical pickup also in a an optical disc drive for DVD, a so-called DVD player, for 
example, the DVD player can be designed compact and simple. A DVD player 
designed to write data to, and/or read data from, a CD as well will be very 
conveniently usable. 

In this case, by forming an optical integrated device integrally from a light 
source and photodetector for DVD and a light source and photodetector for CD, an 
optical disc player capable of writing data to, and/or reading data from, both CD 
and DVD can be provided. 

When the optical integrated device is constructed as in the above and an 
objective lens is used commonly used with both DVD and CD, either of the light 
source for DVD or that for CD will be disposed off the optical axis of the objective 
lens. The laser beam emitted from the light source thus disposed off the optical 
axis will be incident obliquely to the objective lens. As a result, the obliquely 
incident laser beam will have an increased aberration and thus the optical property 
will be deteriorated. 

As defined in the standard, the pit depth in the compact disc (CD) is one 



eighth (A/8) of the wavelength X of the laser beam irradiated to the CD, while the 
pit depth in the DVD is one fourth (A./4) of the wavelength X of the laser beam 
irradiated to the DVD. Thus, in the DVD player, it is difficult to detect a tracking 
error signal by the similar method to that for CD. Namely, tracking error signal has 
to be produced by the so-called differential phase detection (DPD) method, for 
example. In this DPD method, the laser diode as light source has to be disposed in 
such a manner that the deflection plane of the laser beam will be parallel or 
perpendicular to the scanning direction of the laser beam. 

For effective utilization of the internal space of the optical integrated device, 
the laser diode should desirably be disposed in such a manner that the deflection 
plane of the laser beam will be parallel or perpendicular to the direction of the 
optical path of the laser beam. 

However, when the laser beam deflection plane is directed as in the above, 
the optical property of a read signal from the optical disc will be deteriorated. 
OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to overcome the above- 
mentioned drawbacks of the prior art by providing an optical pickup simply 
constructed and having a plurality of light sources selectively used to write data to, 
and/or read data from, an optical recording medium without any deterioration of 
optical property, and an optical disc drive using the optical pickup. 

According to the present invention, there is provided an optical disc drive 



adapted to read information from an optical disc by emitting a laser beam from a 
selected one of a plurality of light sources disposed apart from each other radially 
of the optical disc and focusing the laser beam on the optical disc, detecting a 
return light resulted from reflection of the laser beam at the optical disc and 
processing the result of return light detection, the optical disc drive including: 

a common optical system for irradiating the laser beam emitted from the 
selected one of the plurality of light sources to the optical disc; and 

a moving means operative in response to an laser beam output from the 
selected light source to move all or a part of the optical system radially of the 
optical disc. 

According to the present invention, there is also provided an optical pickup 
adapted to irradiate a laser beam to an optical recording medium, detect a return 
light from the optical recording medium and providing a result of return light 
detection, the optical pickup including: 

first and second light sources to emit the laser beams of different 
wavelengths, respectively; 

a photodetector to detect the return light from the optical recording medium; 

and 

an optical system to converge the laser beam emitted from a selected one of 
the first and second light sources and guide the return light from the optical 
recording medium to the photodetector; 



the first and second light sources being disposed so that the directions of the 
deformation, caused by the astigmatism, of the sectional shape of the laser beams 
emitted from the light sources will nearly coincide with each other; and 

the optical system being adapted for common use with the laser beams 
emitted from the first and second light sources, and including an astigmatism 
correcting means for common use with the laser beams emitted from the first and 
second light sources. 

According to the present invention, there is also provided an optical disc 
drive adapted to read information from an optical disc by emitting a laser beam 
from a selected one of a plurality of light sources disposed apart from each other 
radially of the optical disc and focusing the laser beam on the optical disc, detecting 
a return light resulted from reflection of the laser beam at the optical disc and 
processing the result of return light detection, the optical disc drive including: 

first and second light sources to emit the laser beams of different 
wavelengths, respectively; 

a photodetector to detect the return light from the optical recording medium; 

and 

an optical system to converge the laser beam emitted from a selected one of 
the first and second light sources and guide the return light from the optical 
recording medium to the photodetector; 

the first and second light sources being disposed so that the directions of the 



deformation, caused by the astigmatism, of the sectional shape of the laser beams 
emitted from the light sources will nearly coincide with each other; and 

the optical system being adapted for common use with the laser beams 
emitted from the first and second light sources, and including an astigmatism 
correcting means for common use with the laser beams emitted from the first and 
second light sources. 

These objects and other objects, features and advantages of the present 
intention will become more apparent from the following detailed description of the 
preferred embodiments of the present invention when taken in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the optical disc drive according to the 
present invention; 

FIG. 2 is a plan view of an aperture of an optical pickup in FIG. 1 ; 

FIG. 3A is a plan view, and FIG. 3B is a sectional view, of the optical 
integrated device included in the optical pickup in FIG. 2; 

FIG. 4 is a plan view, enlarged in scale, of the light-incident surfaces of the 
optical integrated device in FIG. 3; and 

FIG. 5 is a schematic diagram explaining how to process results of light 
detection by the light-incident surfaces shown in FIG. 4. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



6 



(1) Overall construction of an embodiment 

Referring now to FIG. 1, there is schematically illustrated an embodiment of 
the optical disc drive according to the present invention. The optical disc drive is 
generally indicated with a reference 1 . In FIG. 1, first and second types of optical 
disc are shown. The first optical disc is a DVD indicated with a reference 2 A and 
the second optical disc is a CD indicated with a reference 2B. The optical disc 
drive 1 reads data recorded in the DVD 2 A and also data recorded in the CD 2B. 
These optical discs 2 A and 2B are shown together in FIG. 1 for the convenience of 
illustration and description of the optical disc drive 1. 

The CD 2B is an optical disc from which recorded data can be read by 
irradiating a laser beam to an information recording surface of the disc through a 
transparent substrate of 1.2 mm in thickness and processing a return light from the 
information recording surface. The DVD 2A is an optical disc having information 
recorded therein with a higher density than n the CD 2B and from which recorded 
data can be read by irradiating a laser beam to an information recording surface of 
the disc through a transparent substrate of 0.6 mm in thickness and processing a 
return light from the information recording surface. 

In this optical disc drive 1, an optical pickup 3 is disposed to be movable 
radially of the optical disc by a predetermined sled mechanism. As shown in FIG. 
1, the optical pickup 3 consists of an astigmatism correction plate 50, collimator 
lens 5, aperture 6 and an objective lens 7. A laser beam emitted from an optical 



integrated device 4 is irradiated to the optical disc 2A or 2B through the 
astigmatism correction plate 50, collimator lens 5, aperture 6 and objective lens 7. 
On the contrary, a return light from the optical disc 2 A or 2B is incident upon the 
optical integrated device 4 through the objective lens 7, aperture 6, collimator lens 
5 and astigmatism correction plate 50. 

The optical disc drive 1 processes a result of the detection of the return light 
by the optical integrated device 4 to produce a tracking error signal, focus error 
signal and a read signal. The optical disc drive 1 moves the objective lens 7 based 
on the tracking and focus error signals to control the tracking and focus, and 
processes the read signal to reproduce data recorded in the optical disc 2A or 2B. 

The optical integrated device 4 is formed from a light source and 
photodetector for CD and a light source and photodetector for DVD both integrally 
disposed in one package. The optical integrated device 4 has two semiconductor 
laser diode chips for the light sources, respectively, disposed about 100 \im apart 
from each other radially of the optical disc 2 A or 2B. These semiconductor laser 
diode chips are selectively driven under the control of a system controller (not 
show) depending upon which is currently used, the optical disc 2A or 2B. Thus, the 
optical integrated device 4 selectively emits a laser beam of a wavelength 
corresponding to the optical disc 2 A or 2B towards the optical disc 2 A or 2B, and a 
return light from the optical disc 2A or 2B is detected by a corresponding 
photodetector. 
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The astigmatism correction plate 50 is a transparent parallel flat plate and it 
is disposed in the optical path of the laser beam and obliquely in relation to the 
optical axis of the laser beam. The astigmatism correction plate 50 is equal in 
astigmatism to the laser beam. Its gradient, thickness, etc. are selected to provide 
an astigmatism which will cancel that of the laser beam. Thus, the astigmatism 
correction plate 50 corrects the astigmatism of each of laser beams different in 
wavelength from each other. 

The collimator lens 5 converts the laser beam emitted from the optical 
integrated device 4 and having passed through the astigmatism correction plate 50 
to a nearly parallel beam. Note that the collimator lens 5 is so disposed in relation 
to the optical integrated device 4 that the optical axis thereof aligns with that of the 
DVD laser beam. Thus, the collimator lens 5 has the optical axis thereof not 
aligned with the optical axis of the CD laser beam. 

As shown in FIG. 2, the aperture 6 is a transparent plate with a dielectric 
layer evaporated thereon and a circular opening formed in the center thereof 
Namely, the aperture 6 has the dielectric layer around the central opening formed 
therein. The dielectric layer serves as a filter to selectively intercept a laser beam 
of 780 nm in wavelength for CD while allowing a laser light of 650 nm in 
wavelength for DVD to penetrate through it Thus, the aperture 6 will shape the 
incident laser beam for CD to be a beam having a diameter depending upon the 
diameter of the opening, while allowing the laser beam for DVD to pass through the 



aperture 6 with the shape thereof not changed at all. Note that the aperture 6 is so 
disposed that the center of the opening formed therein will nearly coincide with the 
optical axis of the CD laser beam. 

The objective lens 7 is an aspheric plastic lens formed from a transparent 
resin by injecting molding. By selecting an appropriate refractive index of the 
transparent resin and shape of the lens surface, the objective lens 7 is formed to 
focus the incident parallel laser beam for DVD or CD onto the information 
recording surface of the optical disc 2A or 2B. Thus, the objective lens 7 is formed 
as a so-called bifocal lens for both the laser beams for DVD and CD, respectively. 

Further, the objective lens 7 is movable by a tracking control actuator 8 
composed of a voice-coil motor radially of the optical disc 2 A or 2B so that 
tracking control can be done by driving the actuator 8 correspondingly to a tracking 
error signal. 

Also, the objective lens 7 is movable by a focus control actuator (not shown) 
along the optical axis of the laser beam so that focus control can be done by driving 
the focus control actuator correspondingly to a focus error signal. 

When not forced by the tracking control actuator 8, the movable objective 
lens 7 will be positioned for the optical axis thereof to be aligned with that of the 
DVD laser beam while the optical axis of the objective lens 7 will not be aligned 
with that of the CD laser beam. When reading the CD 2B, the objective lens 7 is 
moved by the tracking control actuator 8 radially of the CD 2B correspondingly to 
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the spacing between the light sources in the optical integrated device 4, whereby the 
optical property of the optical system is prevented from being deteriorated when 
reading the CD 2B. 

The optical disc drive 1 further comprises a matrix calculation circuit 9 as 
shown in FIG. 1 . The matrix calculation circuit 9 provides a matrix calculation of a 
result of the light detection output from the optical integrated device 4 to produce a 
tracking error signal TE whose level varies depending upon the magnitude of a 
tracking error, focus error signal whose level varies depending upon the magnitude 
of a focus error, and a read signal whose level varies depending upon the pit train. 
The matrix calculation circuit 9 produces a tracking error signal, focus error signal 
and read signal for each of DVD and CD. 

For the tracking control, the optical disc drive 1 further includes a servo 
circuit 10 and drive circuit 11. The servo circuit 10 produces a drive signal for use 
to enable a predetermined level of the tracking error signal TE, and the drive circuit 
1 1 drives the actuator 8 under the drive signal. 

As shown in FIG. 1, the optical disc drive 1 further comprises a switching 
circuit 12. For reading the CD 2B, the switching circuit 12 will be closed under the 
control of the system controller to provide a predetermined offset voltage to the 
drive circuit 1 1 which in turn will add the offset voltage to a drive signal provided 
from the servo circuit 10, and thus drive the actuator 8. In this optical disc drive 1, 
tracking control is made with the objective lens 7 moved radially of the CD 2B. 
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(2) Construction of the optical integrated device 4 

FIG. 3 A is a plan view, from the emitted direction of the laser beam, of the 
optical integrated device 4, and FIG. 3B is a sectional view, taken along the 
direction tangential to the circumference of the optical disc 2A or 2B, of the optical 
integrated device 4. The optical integrated device 4 is constructed by disposing a 
prism 14. and semiconductor laser diode chips 15A and 15B on a semiconductor 
substrate 17 to form an optical system 16, putting the optical system 16 in a 
package 18 and wiring it, and then sealing the package 18 with a transparent glass 
19. 

The semiconductor laser diode chips 15A and 15B are disposed apart by 
about 100 |im from each other radially of the optical disc 2 A or 2B and emit a laser 
beam having a wavelength of 650 nm for DVD and a laser beam having a 
wavelength 780 nm for CD, respectively, towards the prism 14. Also, the 
semiconductor laser diode chips 15A and 15B are disposed for the deflection plane 
to be parallel or perpendicular to the scanning direction of the laser in the light- 
incident surface of the optical disc 2A or 2B. Further, the semiconductor laser 
diode chips 15 A and 15B in pair are nearly equal in astigmatism to each other. 
They are disposed so that the section of the laser beam will be deformed by the 
astigmatism in the same direction. Thus, in the optical disc drive 1, the single 
astigmatism correction plate 50 corrects the astigmatism of each of the laser beams 
emitted from the two light sources. When reading a DVD, a tracking error signal 
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can be detected by the DPD (differential phase detection) method. 

The prism 14 is provided to separate the laser beam and return light from 
each other. It is formed to have a generally rectangular shape having a slope at one 
lateral side thereof. Thus, a laser beam emitted from the semiconductor laser diode 
chip 15A or 15B is reflected at the slope of the prism 14 towards the collimator lens 
5, and a return light having traveled reversely along the optical path of the laser 
beam and incident upon the prism 14 is guided inwardly of this slope. 

At the prism 14, the return light incident upon the slope is incident upon the 
bottom of the prim 14. About 50% of the return light is penetrated through the 
prism bottom while the remainder is reflected towards the top of the prims 14. The 
return light incident upon the prism top is reflected nearly 100% there towards the 
prism bottom and allowed to outgo through the prism bottom. 

For the above reflection of the return light, the prism 14 has a mirror surface 
formed by evaporation on the top thereof. Also the prims 14 has a beam splitting 
surface formed on a portion of the bottom thereof at the slope side (will be referred 
to as "front side" hereinafter) and a light transmissive surface fonned on a portion 
of the bottom thereof at the side away from the slope (will be referred to as "rear 
side" hereinafter) so that the ratio in amount between the return light allowed to 
outgo through the prism bottom at the front-side portion and that allowed to outgo 
through the prism bottom at the rear-side portion will be nearly 1:1. The beam 
splitting surface and light-transmissive surface are formed by the similar 
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evaporation to that used in forming the mirror surface. 

The semiconductor substrate 17 has light-incident surfaces 25 A and 26 A for 
DVD and light-incident surfaces 25B and 26B for CD formed on portions, 
respectively, thereof upon which the return portion of the laser beam for DVD and 
that of the laser beam for CD are incident from the prism 14. 

The light-incident surfaces 25 A and 25B are disposed correspondingly to the 
front-side portion of the prism 14, while the light-incident surfaces 26A and 26B 
are disposed correspondingly to the rear-side portion. 

FIG. 4 is a plan view, partially enlarged in scale, of the light detection 
systems for CD and DVD, respectively, formed from the above-mentioned light- 
incident surfaces of the optical integrated device 4. For the optical integrated 
device 4, the directions of the semiconductor laser diode chips 15A and 15B and 
size of the prism 14 are selected so that when the laser beam is just focused, a beam 
spot defined on the semiconductor substrate 17 by the return light having passed 
through the prism 14 will be formed, at the rear-side portion, like a focal line, and 
at the front-side portion, like an ellipse having the major axis thereof directed 
perpendicularly to the extension of the focal line at the rear-side portion. 

The light-incident surfaces 25B and 26B for CD are formed side by side 
tangentially to the circumference of CD to have a general shape of a rectangle, and 
each is divided radially of CD by a parting line extending tangentially to the 
circumference of CD. Thus, when the optical head is just on an intended track on a 
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CD, each of the light-incident surfaces 25B and 26B can detect a beam spot defined 
thereon and quartered radially of CD. Namely, a result of light detection by each of 
the quartered light-incident surfaces is provided as output. In FIG. 4, the outer 
light-incident surface divisions at the front-side portion are indicated with 
references m and p, respectively, while the inner ones are indicated with references 
77 and o, respectively. The outer light-incident surface divisions at the rear-side 
portion are indicated with references q and /, respectively, while the inner 
ones are indicated with references r and s, respectively. 

The light-incident surfaces 25A and 26A for DVD are formed side by side 
tangentially to the circumference of the optical disc 2A in the similar manner to that 
for the light-incident surfaces 25B and 26B to have a general shape of a rectangle. 
The light-incident surface 26A at the rear-side portion is formed similarly to the 
light-incident surface 26B at the rear-side portion for CD. 

The light-incident surface 25 A at the front-side portion is formed similarly to 
the light-incident surface 25B at the front-side portion for CD, and further it is 
divided by two tangentially to the circumference of the optical disc. Thus, the 
semiconductor substrate 17 can produce a tracking error signal by the so-called 
differential phase detection (DPD). As shown in FIG. 4, the outer and on-slope 
light-incident surface divisions for DVD at the front-side portion are indicated with 
references a and d 9 respectively, and the inner and under-slope light-incident 
surface divisions at the front-side portion are indicated with references b and c, 
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respectively. Further, the outer and off-slope light-incident surface divisions at the 
front-side portion are indicated with references e and h 9 respectively, and the inner 
and off-slope light-incident surface divisions at the front-side portion are indicated 
with references / and g y respectively. Also, the outer light-incident surface 
divisions at the rear-side portion are indicated with references i and /, respectively, 
and the inner light-incident surface divisions at the rear-side portion are indicated 
with references j and £, respectively. 

The semiconductor substrate 17 converts the results of light detection from 
the light-incident surface divisions a to / from current to voltage, then calculates the 
converted signals and provide the results of calculation to the matrix calculation 
circuit 9 where the calculated signals will further be calculated to produce a 
tracking error signal, focus error signal and a read signal. 

When reading a CD, the results of light detection are processed as follows. 
Differences in light detection are detected between the inner and outer light- 
incident surface divisions of each of the front- and rear-side light-incident surfaces 
25B and 26B, and then a subtraction between the differences is made between the 
front- and rear-side light surfaces 25B and 26B to produce a focus error signal 
expressed by (m +p + r + s) - + o + q + /)• Differences in light detection are 
detected between the inner and outer circumferential light-incident surface 
divisions of each of the front- and rear-side light-incident surfaces 25B and 26B, 
and then a subtraction between the differences is made between the front- and rear- 
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side light surfaces 25B and 26B to produce a tracking error signal expressed by (777 
+ n + s + t) - (o +p + q + r). Then all the results of light detection at the front- and 
rear-side light-incident surfaces 25B and 26B are added together to produce a read 
signal expressed by (777 + n + o +p + q + r + s + t). 

When reading a DVD, the results of light detection are processed in the same 
manner as in the above for reading a CD to produce a focus error signal expressed 
by (a + b + e + h +j + k) - (b + c+f+ g + i + 1) and a read signal expressed by (a 
+ b + c + d + e +f+ g + h + i +j + k + l). On the other hand, for production of the 
tracking error signal TE for DVD, results of light detection are processed as 
follows. As shown in FIG. 5, results of light detection from two light-incident 
surfaces corresponding to the inner and outer circumferences of the optical disc 2A 
are added together by addition circuits 42 A to 42D for each of the groups of light- 
incident surface divisions defined in the direction of the light-incident surfaces 25 A 
and 26 A disposed side by side. Thus quantities of light incident upon the inner and 
outer circumferential-side light-incident surface divisions are determined for each 
group. For each of the groups, results of light detection are compared in phase 
between the groups of the inner and outer circumferential-side light-incident 
surface divisions by phase comparison circuits 43A and 43B, and then added 
together by an addition circuit 44 to produce a tracking error signal TE. 
(3) Operation of the embodiment 

In the optical disc drive 1 constructed as having been described in the 
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foregoing with reference to FIG. 1, the optical pickup 3 irradiates a laser beam to 
the optical disc 2A or 3B and detects a return light from the optical disc, and a 
selected one of the signal processing circuits processes the result of return light 
detection, thereby reading information from the optical disc 2 A or 2B. 

More particularly, a laser beam is emitted from the optical integrated device 
4 of the optical pickup 3 incorporated in the optical disc drive 1, converted to a 
nearly parallel beam by the collimator lens 5, passed through the aperture 6, and 
guided to the objective lens 7 which will focus the laser beam on an information 
recording surface of the optical disc 2 A or 2B. A return light resulted from 
reflection of the laser beam at the information recording surface is passed through 
the objective lens 7 and incident upon the optical integrated device 4 which 
provides results of return light detection as outputs. 

In the optical disc drive 1, the tracking error signal TE is produced by. 
processing the results of return light detection as in the above, and the objective 
lens 7 is moved by the servo circuit 10 radially of the optical disc 2 A or 2B until the 
tracking error signal TE gets a predetermined signal level. Namely, a tracking 
control is made. Similarly, a focus error signal is produced, and the objective lens 7 
is moved up and down until the focus error signal has a predetermined level. This 
is the focus control according to the present invention. 

When the optical disc (2 A or 2B) loaded in the optical disc drive 1 is a DVD 
(namely, 2 A), one of the semiconductor laser diode chips 15A and 15B disposed 
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side by side in the optical integrated device 4 radially of the optical disc 2A or 2B 
(see FIG. 3), that is, the semiconductor laser diode chip 15 A, is selected to emit a 
laser beam towards the DVD 2 A, and a return light from the DVD 2 A is detected 
by the light-incident surfaces 25 A and 26 A for DVD via the prism 14. 

Since the optical pickup 3 is disposed so that the optical axes of the objective 
lens 7 and collimator lens 5 are generally aligned with that of the DVD laser beam, 
the optical property can effectively be prevented from being deteriorated. 

On the contrary, when the optical disc loaded in the optical disc drive 1 is 
CD (namely, 2B), the semiconductor laser diode chip 15B (see FIG. 3) is selected 
to emit a laser beam towards the CD 2B, and a return light from the CD 2B is 
detected by the light-incident surfaces 25B and 26B for CD via the prism 14. 

In the optical disc drive 1, the switching circuit 12 is closed, so that an offset 
voltage is added to the drive signal supplied from the servo circuit 10 for moving 
the objective lens 7 over a predetermined distance radially of the CD 2B (tracking 
control). Thus, in the optical disc drive 1, the aberration developed during read of 
the CD 2B can be reduced to prevent the optical property from being deteriorated. 

The deteriorations of optical property were actually observed using various 
signals produced by the matrix calculation circuit 9. As the results of the 
observation showed that when the objective lens 7 is not moved at all, there took 
place in the tracking error signal TE a deviation of the S-characteristic from the one 
for the just tracking. When the collimator lens 5 had a focal distance of 23 mm and 
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a distance of 6. 176 mm was provided between the collimator lens 5 and objective 
lens 7, the deviation of the S- characteristic from the just-tracking one could be 
prevented by moving the objective lens 7 towards the semiconductor laser diode 
chip for CD. 

The moving distance of the objective lens 7 varies in proportion to the ratio 
between the focal distance of the collimator lens 5 and the distance between the 
collimator 5 and objective lens 7. By increasing the distance between the 
collimator lens 5 and objective lens 7 in comparison with the focal distance of the 
collimator lens 5, the objective lens 7 can be moved away from the semiconductor 
laser diode chip for CD, so that the deviation of the S-characteristic from the just- 
tracking one can be prevented. Also, when the focal distance of the collimator lens 
5 is set equal to that the distance between the collimator lens 5 and objective lens 7, 
it is possible to prevent the S-characteristic from deviating from the just-tracking 
one without the necessity of moving the objective lens 7. In this case, however, the 
design of the objective lens 7 being a bifocal lens will be complicated. 
(4) Effect of the embodiment 

To prevent the deterioration of the optical property by moving the objective 
lens 7, the semiconductor laser diode chips 15 A and 15B are disposed side by side 
radially of the optical disc 2 A or 2B in the present invention. So the tracking 
control actuator can be used to easily move the objective lens 7. That is, according 
to the present invention, the optical pickup 3 may be designed simple for moving 
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the objective lens 7 to prevent the optical property from being deteriorated. The 
optical pickup 3 may be nearly the same in construction as for a compact disc. 

Note that the laser beam for CD is focused on the compact disc 2B with the 
diameter thereof limited and numerical aperture reduced by the aperture 6. 

The return light resulted from reflection of the laser irradiated to an optical 
disc is incident upon the light-incident surfaces 25A and 26A for DVD and those 
25B and 26B for CD (as in FIG. 4), and the results of light detection from the light- 
incident surfaces 25 A and 26B are processed depending upon whether the optical 
disc being played is 2 A or 2B, thereby reading the DVD or CD. 

In the above optical disc drive 1, one of the semiconductor laser diode chips 
15 A and 15B disposed apart from each other radially of the optical disc is selected 
to emit a laser beam, and focused on the optical disc 2 A or 2B through the common 
optical system (including the elements 5, 6 and 7). At this time, the objective lens 7 
forming a part of the optical system is moved radially of the optical disc for 
alignment with the laser beam emitted from the selected light source. Thus, when 
the single optical pickup 3 is used in common with the plurality of optical discs, it 
is possible to prevent the optical property from being deteriorated. 

In the foregoing, the prevent invention has been described concerning the 
embodiment in which only the objective lens is moved. However, the present 
invention is not limited to this embodiment but the entire optical system may be 
adapted to be movable. 

21 



Also, in the optical disc drive 1 according to the present invention, the 
astigmatism correction plate 50 made of a transparent parallel flat plate is disposed 
obliquely in the optical path of the laser beam to correct the astigmatism of the 
laser beam emitted from a selected one of the light sources in reading the optical 
disc 2A or 2B. 

For the astigmatism correction, there is disposed in the optical disc drive 1 
the pair of the semiconductor laser diode chips 15 A and 15B nearly equal in 
astigmatism to each other in such a manner that the deflection plane on the disc 
surface is parallel or perpendicular to the scanning direction of the laser beam and 
the sections of the laser beams are deformed in a nearly same direction by the 
astigmatism. Therefore, the single astigmatism correction plate 50 can be used in 
common with the two laser beams to correct the astigmatism of each of the laser 
beams. Thus, the simple design of the optical disc drive 1 improves the optical 
property. 

As mentioned above, the semiconductor laser diode chips 15A and 15B can 
be disposed in the optical disc drive 1 for the laser beam deflection plane to be 
parallel or perpendicular to the scanning direction of the laser beam, and the 
tracking error signal for DVD can be produced by the DPD method. Also, since the 
internal space of the optical integrated device 4 can effectively be utilized to enable 
a compact design of the optical integrated device 4. 

Owing to the above-mentioned construction of the optical disc drive 1, a 
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laser beam can be emitted from a selected one of the semiconductor laser diode 
chips disposed apart from each other radially of the optical disc, and focused on the 
optical disc via the common optical system. In this light generation and guiding, 
the single astigmatism correcting means can be used to correct the aberration of the 
laser beam. Thus, the simple design of the optical disc drive 1 will lead to an 
improvement of the optical property. 

The present invention has been described in the foregoing concerning the 
embodiment in which the transparent parallel flat plate is used as the astigmatism 
correcting means. However, the present invention is not limited to this 
embodiment, but the astigmatism may be formed from a cylindrical lens, hologram, 
Fresnel lens or the like. When a coupling lens is used, the astigmatism correcting 
means may be formed on the coupling lens. 
(5) Other possible embodiments 

In the foregoing, the present invention has been described concerning the 
embodiment in which light-incident surfaces are formed in the optical system for 
each of the types of optical discs. However, the present invention is not limited to 
this embodiment but all or a part of the optical system may be constructed for 
common use with the different types of optical discs. 

The present invention has been described in the foregoing concerning the 
embodiment adapted to be compatible with both a CD and DVD. However, the 
present invention is not limited to this embodiment, but can be adapted to be 
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compatible with both a CD and a recordable compact disc such as CD-R. 

The present invention has been described concerning the embodiment in 
which two different types of optical disc are read by the single optical pickup. 
However, the present invention is not limited to this embodiment, but can be 
adapted to read more than two types of optical disc. 

The present invention has been described in the foregoing as to the 
embodiment in which the optical pickup is constructed from the optical integrated 
device formed integrally from a light source and photodetector. However, the 
present invention is not limited to this embodiment, but it can be adapted such that 
the light source and photodetector are disposed separately from each other. 

As having been described in the foregoing, the optical disc drive according to 
the present invention is adapted such that when a laser beam is emitted from a 
selected one of a plurality of light sources disposed apart from each other radially 
of optical discs and focused on the optical disc via a common optical system, the 
optical system is moved radially of the optical disc correspondingly to the selected 
light source, thereby permitting to prevent the optical property from being 
deteriorated when one optical pickup is used in common with the plurality of 
optical discs. 

Also according to the present invention, the single astigmatism correcting 
means is used to correct the aberration of more than one laser beams, so that a 
simple construction of the optical disc drive assures an improved optical property 
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when one of a plurality of light sources is used to read one of a plurality of optical 
recording media. 
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